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40
Subcellular localization can be critical for RNA control. The locations of RNAs and RNA 41 regulatory proteins within a cell can dictate whether RNAs are translated or repressed (Singh et sequestration and translation and have been proposed to function in mRNA regulation (Buchan, 5 role in PGL function. Our initial efforts to express trypsin-mapped recombinant protein fragments at the nuclear periphery ( Figure 3D ), similar to those seen with antibody staining to untagged 147 PGL-1 and PGL-3 (Kawasaki et al., 2004; Kawasaki et al., 1998) . The SNAP-tagged protein 148 therefore provides a simple way to evaluate PGL assembly into granules.
150
To probe the role of PGL NTD dimerization in the nematode germline, we introduced the 151 assembly mutants into PGL-1::SNAP ( Figure S1B ) and assayed effects on fertility and granule 152 formation. For both K126E K129E and R123E mutants, many were sterile at 20°C and nearly all 153 were sterile at 25°C ( Figure 3B) . Indeed, the percentage of sterile animals was higher than 154 seen in a pgl-1 null mutant ( Figure 3B ), suggesting that abolishing NTD dimerization had a 7 dominant-negative effect. Both interface mutants had smaller than normal germlines and many 156 lacked oocytes (Figure S3B-D) , similar to pgl-1 and pgl-1 pgl-3 null mutant germlines S3). Both K126E K129E and R123E mutant proteins were expressed, but their distribution was 160 largely diffuse ( Figures 3E-F 
164
capable of incorporating into P-granules, but do so much more weakly than their wild-type 165 counterparts ( Figure 3D ). We conclude that PGL NTD dimerization is critical for fertility and 166 efficient PGL granule formation.
168
We wondered why sterility of PGL-1 NTD dimerization mutants was more severe than that of a 169 pgl-1 null mutant. One plausible explanation was interference with assembly of other P-granule 170 components into granules, which might yield dominant-negative effects. Normally, PGL-1 171 interacts with PGL-3 (Kawasaki et al., 2004) , and both PGL-1 and PGL-3 rely on GLH-1 or GLH-contrast, GLH proteins assemble at the nuclear pore independently of PGLs (Kawasaki et al., 174 2004; Kawasaki et al., 1998; Kuznicki et al., 2000) . We postulated that PGL-1 assembly mutants 175 might interfere with assembly of PGL-3 into granules but not affect GLH-1 localization. To test 176 this idea, we epitope-tagged endogenous pgl-3 and glh-1 (see Methods) and compared 177 localization of PGL-3::V5 and GLH-1::Myc in germ cells expressing wild type PGL-1::SNAP or 178 mutant PGL-1::SNAP K126E K129E. With wild-type PGL-1::SNAP, all three proteins, PGL-1,
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However, with mutant PGL-1::SNAP, the wild-type PGL-3 protein became diffuse with occasional small perinuclear granules, a distribution similar to PGL-1 mutant protein ( Figure 3L- 
N)
. By contrast, GLH-1 localized at the nuclear periphery independent of PGL-1 or PGL-3
184
( Figure 3O-P) . Therefore, the PGL-1 assembly mutant affected PGL-3 assembly and incorporation into P-granules, but it did not abolish GLH-1 localization. Because the percent 186 sterility of PGL-1 K126E K129E mutants was similar to that of pgl-1 pgl-3 double null mutants 187 (Kawasaki et al., 2004) , we suggest that the severe sterility of PGL-1 NTD mutants results from 188 effects on both PGL-1 and PGL-3 assembly into granules.
190
Granular PGL represses mRNAs in vivo assay, widely used to investigate RNA regulatory proteins (Baron-Benhamou et al., 2004; Coller 194 and Wickens, 2002) . Our assay examined the fate of mRNAs to which PGL-1 was tethered via 195 λN22, a short peptide that binds with high affinity and sequence specificity to the boxB RNA
196
hairpin (Baron-Benhamou et al., 2004) . Versions of this method were used previously in worms
197
and other organisms (Baron-Benhamou et al., 2004; Wedeles et al., 2013) . For the reporter, we 198 inserted three boxB sites into the 3'UTR of a ubiquitously-expressed, germline GFP-histone 199 reporter ( Figure 4A , Methods) (Zeiser et al., 2011) . To tether PGL to the GFP reporter mRNA,
200
we inserted the λN22 peptide sequence into our PGL-1::SNAP protein ( Figures 4A and S1B, 
201
Methods). Addition of λN22 to PGL-1 rendered homozygous worms sterile (0% fertile, n=94),
202
but the λN22-tagged pgl-1 gene could be maintained and tested as a fertile heterozygote (PGL- 
9
We assayed reporter expression in both living animals and fixed, extruded gonads. In living 
212
The wild-type PGL-1::SNAP::λN22 formed perinuclear granules ( Figure 4E-F) , though the 213 SNAP signal was lower, perhaps because animals were heterozygous. Regardless, the key 214 conclusion is that PGL-1 tethering dramatically decreased GFP expression from the mRNA 215 reporter.
217
One possible explanation for loss of GFP expression might have been germline silencing, a 218 phenomenon common for genes expressing foreign proteins and thought to prevent deleterious 219 mRNAs from entering the cytoplasm (Hoogstrate et al., 2014) . To ask if the reporter had been 220 silenced, we used single molecule fluorescence in situ hybridization (smFISH) to detect gfp nuclear and cytoplasmic puncta ( Figure S4D ). We interpret the nuclear puncta as active 223 transcription sites and cytoplasmic puncta as mRNAs, based on a previous study (Lee et al., 
227
S4H,M), but cytoplasmic puncta were fewer and frequently colocalized with P-granules ( Figure   228 S4G-H,M). These germ cells possessed gfp reporter transcripts and thus were not subject to germline silencing. However, they had no GFP protein expression, indicating that reporter expression was repressed by PGL-1 tethering.
10
Our structural insight into PGL provided an opportunity to test how PGL granule formation 233 affected its ability to repress mRNAs. We introduced K126E K129E into PGL-1::SNAP::λN22 to 234 prevent robust granule assembly ( Figure S1B ). Mutant homozygotes had modest fertility (21% 235 fertile, n=96) that was comparable to other NTD mutant worms ( Figure 3B ). Dimerization-
236
defective PGL-1 failed to repress the reporter RNA to which it was tethered: most germ cells 237 expressed GFP, both in living worms ( Figure 4D ) and fixed gonads ( Figure 4G ). The PGL-1 
261
Granule assembly proteins form a structural network that relies on multivalency and low affinity 262 interactions for plasticity (Bergeron-Sandoval et al., 2016) . We have discovered that PGL uses at least one dimerization domain to form granules, but our results do not address the low affinity Drosophila polar granules (Breitwieser et al., 1996; Markussen et al., 1995; Vanzo and 
267
Ephrussi, 2002), EDC3 and LSM4 for P-bodies (Decker et al., 2007) , and 268 for embryonic P-granules (Wang et al., 2014) . These examples rely on a combination of 269 multimerization domains and low complexity, intrinsically disordered sequences to facilitate 270 granule formation (Decker et al., 2007; Jeske et al., 2015; Ling et al., 2008; Nott et al., 2015;  271 Wang et al., 2014) . We suggest that PGL also makes low affinity contacts that work with its 272 dimerization interfaces to facilitate granule formation. Recombinant PGL proteins make granules 273 on their own in vitro (Saha et al., 2016) , suggesting that PGL has low affinity contacts in the full- 
480
(C) Control, wild type animal lacking SNAP tag shows virtually no background staining (n=20).
(D) PGL-1::SNAP localizes to granules around nuclei (n=49). (E) PGL-1::SNAP K126E K129E
is diffuse (n=38). (F) PGL-1::SNAP R123E is diffuse (n=24). (G-P) Representative images
483
showing localization of three P-granule components in germ cells expressing either PGL- 
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Figure S1
Aoki, et al. enzyme digest to identify those with the repair of interest. In JK5687, a SNAP tag (Keppler et al., 2003) 118
was inserted between PGL-1 amino acids G713 and G714 in N2 worms. A 3xMYC tag was added to the 119 N-terminus of GLH-1 between G17 and F18. A 3xV5 tag was added in the C-terminal region of PGL-3 120 between residues G627 and S628. F2s were PCR screened to identify homozygous SNAP alleles and 121 the PCR product sequenced to confirm proper repair. Three worm strains were too infertile to freeze. All
122
worms were outcrossed at least twice with N2, with the exception of (glh-1(q858)[GLH- were generated and brightness adjusted using ImageJ (Schindelin et al., 2015) . All images were treated 160 equally in ImageJ and Photoshop, with the exception of the transmitted light images. Imaging directed genome editing in Caenorhabditis elegans using CRISPR-Cas9 ribonucleoprotein
